ing some resistance to LDNAVs, the Mavirus ancestor (MVA) gave its cellular host a strong selective advantage as happens today in the CroV-Mavirus and Mimivirus-Sputnik systems. "Then the fortuitous acquisition of an integrase gene provided a way for the MVA to attach itself to the cellular genome, where it consistently conferred protection against large-virus infection," he says.
Selection in favor of eukaryotes fortunate enough to have a working "viral defense system" combined with accumulated mutations, intragenomic expansion, and partial or complete loss of the provirophage in some lineages may have led to the current diversity of Maverick/Polinton transposons, Fischer says. Notably, of the variety of ancient virophage lineages that probably existed, only the one from which Mavirus descended gave rise to Maverick/Polinton transposable elements, Suttle adds. Sputnik probably evolved from a different lineage, and many other virophages are likely awaiting discovery. In fact, say Suttle and Fischer, "Finding this second virophage in a marine rather than a freshwater host suggests that virophages are a common phenomenon."
Suttle points to a recent metaproteogenomic analysis yielding evidence of a Sputnik-like virophage that preys on phycodnaviruses in a hypersaline Antarctic lake as proof of the increasing popularity of virophage hunting. Virophage and phycodnavirus genomes are being assembled by an international team of researchers led by Ricardo Cavicchioli from the University of New South Wales in Sydney, Australia. They also report finding virophage signatures in two tropical lakes, an estuary, and an ocean upwelling site, which testifies to the ubiquity of these little viruses in aquatic ecosystems. Details appear in the April 12 2011 Proceedings of the National Academy of Sciences U. S.A. (108:163-168) . "These virophage finds herald more virophage discoveries, particularly as they can be identified thru 'blind data mining' as we did," Suttle says.
Although Brent Johnson from Brigham Young University in Provo, Utah, says the "current work on Mavirus and CroV as well as the findings on Sputnik and Mimivirus are extremely interesting and important," he takes issue with the nomenclature being used. "I believe the term 'virophage' is unfortunate because it implies one virus is infecting another virus and eating it. The small virus isn't infecting another virus, it's just using it to assist in replication, which is consistent with the needs of a defective virus." he explains. He prefers calling the giant viruses "megaviruses," and considers the name "Megavirus-Associated Virus (MAV) more consistent with currently accepted virus nomenclature."
In reply, Fischer notes that "a defective virus is usually described as one that has, through mutation, lost its ability to replicate without the aid of a helper virus. I'm only aware of examples where capsid and DNA replication genes are missing. In contrast, Mavirus and Sputnik encode their own capsid proteins and don't need those of their giant host viruses. We also know that Mavirus encodes its own DNA polymerase.
"Virophages are probably fully functional viruses, except that a 'regular' virus of comparable size would use the transcription enzymes of its host cell, whereas virophages use the transcription enzymes of the giant host virus," Fischer continues. Furthermore, because virophages parasitize giant viruses when they are replicating inside host cells, he concludes, "it's legitimate to say that virophages 'infect' giant viruses."
Marcia Stone
Marcia Stone is a science writer based in New York City.
Microwaves Can Induce Transient Pores without Killing E. coli Cells
When irradiated with microwaves, Escherichia coli cells briefly change from smooth to prune-like rods, according to Elena P. Ivanova of Swinburne University in Melbourne, Australia, and her collaborators. Moreover, once irradiated, the cells ingest sugar molecules from the surrounding medium, suggesting that this treatment opens pores that allow sugar polymers to cross the cellular membrane, the researchers report. Nonetheless, about 90% of the cells survive microwave treatment. Details appear in the May 2011 Applied and Environmental Microbiology (AEM) (77:3017-3022). "For decades, it has been debated whether microwave frequency exposure can affect bacterial cells independent of the microwave-associated temperature enhancement," Ivanova says. In general, earlier experimenters exposed microbes to high-intensity microwaves that boosted temperatures beyond 45°C, the point where heat damage becomes pronounced. She and her collaborators sidestepped this problem by irradiating test cells with continuous microwave energy, which subjects them to lower peak energies. Further, she carefully controlled the temperature of cells that are not subject to microwaves, holding them within a range between 20 and 40°C, corresponding to what happens to those cells that are exposed to microwaves.
"Temporary pores form within the E. coli cell membrane, leading to leakage of cellular components and causing the cell shape to appear shrunken and dehydrated," Ivanova says, noting that these changes do not occur among the control microbes. Moreover, she adds, "Within 10 minutes following microwave processing, the cellular components re-enter the cell and the cell shape returns to normal." Cell shape changes were followed both via scanning electron microscopy and confocal laser scanning microscopy.
Meanwhile, the researchers at Swinburne used dextran sugar polymers, tagged with a fluorescent dye, to show that neutral macromolecules can freely enter the microwave-irradiated bacteria while they rehydrate. Moreover, the dextran polymers remain trapped inside those cells, showing that the pores remain open only briefly, Ivanova says. Because the dextran polymers fall within a specific molecular weight range, using them helps to establish the size of the pores, and they fall within the expected range for pores that form in microbial membranes, according to the AEM report.
"To my knowledge, this is the first time that cell permeabilization is reported using microwave radiation," says Isabelle Lagroye of the French National Center for Scientific Research (CNRS), Bordeaux, who praises the quality of the research. The pores need to be better characterized to confirm their existence, she adds.
Microwave irradiation of bacterial cells could lead to research and medical applications, according to Ivanova. For instance, irradiating bacterial pathogen cells to open pores could aid in delivering antibiotics in some kinds of infections, she says. "It has been demonstrated through the now-routine use of radiofrequency (RF) in medical diathermy that RF exposure-and, hence, the microwave [pore-forming] effect-can be focused and localized to the site of infection," in the case of open wounds and also beneath surfaces such as those in and around medical implants. "The observed reversibility of this effect would suggest that this treatment can be applied repeatedly to selectively deliver drugs to the target
Microbes Found-or Not-in Peculiar Places
Microorganisms show up in unexpected places, sometimes garnering guilt by association but also triggering curiosity. Recent examples include:
• Fungi with chitin-less cell walls are abundant in ponds and soil, and comprise an apparently new group being called cryptomycota, or "hidden fungi," according to Thomas Richards of the Natural History Museum in London, England. Details appear online 11 May 2011 Nature (DOI: 10.1038/nature09984).
• Fungi in the brains of tropical carpenter ants drastically change their hosts' behavior, making them "erratic and zombie-like," according to David Hughes of from Pennsylvania State University in University Park and his collaborators. Details appear online 9 May 2011 in BMC Ecology (11:13).
• "Poor space probe hygiene," not inherent microbial hardiness, accounts for a lingering mystery about Streptococcus mitis bacteria that allegedly survived lunar deposition for 2.5 years following the 1969 Apollo 12 moon landing. In fact, the bacteria likely trace to a contaminated camera, according to John Rummel of East Carolina University in Greenville, who spoke at a meeting in Texas last March, and his NASA collaborators.
• Bedbugs are associated with, and thus might help in spreading, • The 2010 outbreak of cholera in Haiti involved a pathogenic strain of the South Asian type of Vibrio cholerae that was inadvertently introduced by rescue workers responding to the earlier earthquake; the outbreak developed "explosively" in large part because of poor water and sanitation conditions, according to the United Nations "Final Report of the Independent Panel of Experts on the Cholera Outbreak in Haiti" (http://www.un.org/News/dh/infocus/haiti/UN -cholera-report-final.pdf).
area, without damaging surrounding cells," she says.
Electroporation, a related technique, currently is used mostly in gene transfer, and electrochemotherapy-"a very important application"-says Lagroye. Adding the option of microwave use to augment this other, more established technique "could at least improve existing applications." In this regard, microwave treatments are noninvasive, whereas electroporation depends on forming electric fields and, more to the point, using intrusive electrodes. 
Cautions about "Seeing" Ancient Microbial Life in Geologic Data
Structures identified nearly 2 decades ago as 3.5-billion-year-old fossilized cyanobacteria instead appear to be nonbiological in origin, according to Alison Olcott Marshall of the University of Kansas (KU), Lawrence, and her collaborators. Separately, members of a research team from Germany, South Africa, the United States, and Canada take care not to assign an age to the chemoautotrophic microbial communities that they find within 2-billion-year-old water samples. In short, both research groups suggest, special care is warranted when examining geologic specimens for signs of very early life. Microstructures in Western Australian chert-a fine-grained sedimentary rock-examined by paleobiologist J. William Schopf of the University of California, Los Angeles, appeared to be among the oldest bacterial fossils on Earth. He described them as containing as many as 11 microbial taxa when he published his findings 18 years ago in the 30 April 1993 Science (260:640 -646) . Now Marshall and her KU collaborators say that similar microstructures in newly acquired specimens from the same chert formation in Australia are not microfossils, despite containing many comparable characteristics. Instead the microstructures are quartz and hematite-filled fractures. Their analysis is based on microscopy and use of the KU Renishaw Raman spectrometer, said to be the most powerful instrument of its kind in the United States. However, Marshall adds, carbonaceous material in the surrounding matrix might be derived from microorganisms of ancient vintage. "The critical point here is that the matrix rather than the microstructures contain carbonaceous material," says David Krinsley, a geologist from the University of Oregon. "The fact that the microstructures are found both within the original matrix and the cross-cutting features suggests that they are pseudofossils."
The KU report appears online in the February 20, 2011 Nature Geoscience. When asked about his earlier findings in light of the KU report, Schopf declined to comment, saying that he has submitted formal comments to the editors of Nature Geoscience.
Meanwhile, researchers from Germany, South Africa, the United States, and Canada report finding viable but low-biodiversity chemoautotrophic ecosystems, whose age is uncertain, in samples of water that appear to be 2 billion years old, based on neon isotope analysis. Details appear in the 22 April 2011 Chemical Geology (283: 287-296).
The researchers extracted and analyzed a series of water samples from rock fractures and fluid inclusions that were obtained from 1 to 3 kilometers below the surface in the Witwatersrand Basin of South Africa. The rock fractures are "a virtual time capsule," says Barbara Sherwood-Lollar of the University of Toronto, a member of the research team that analyzed those water samples. "Specifically, the fractures provide a mechanism by which components of the deep earthwater solutes dissolved in the water and even microbes-can accumulate and be trapped in the subsurface when those fractures seal up. These fractures are like giant fluid inclusions."
Water samples from shallower depths contain abundant methanogens and sulfate-reducing bacteria,
